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(54) Silver catalyst for production of ethylene Oxide, method for production thereof, and method 
for production of ethylene oxide 

(57) A silver catalyst excelling in catalytic performance and permitting production of ethylene oxide with a high 
selectivity for a long time, a method for the production of ethylene oxide by the use of the silver catalyst, and a method 
for ideal manufacture of the silver catalyst are disclosed. The silver catalyst is formed by depositing silver on a carrier 
having a-alumina as a main component and used for the production of ethylene oxide, which carrier of the silver catalyst 
has undergone the following treatment capable of yielding a wash exhibiting a resistivity index of not less than 10,000 
n-cm(25°C): 

(Method of treatment) 

In a conical beaker having an inner volume of 500 ml, 300 ml of the carrier is placed, dried therein at 120°C for two 
hours, and boiled in conjunction with (water absorption + 220) ml of pure water added thereto under normal pres- 
sure at 90 C C for 30 minutes, providing that the term "water absorption" as used herein refers to what is expressed 
by the following formula (1): 



Water absorption = [300 (ml) x packing specific gravity (g/ml) x 
water absorption (wt. %)] / [Specific gravity of water (g/ml) 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001 ] This invention relates to a silver catalyst for the production of ethylene oxide, a method for the manufacture of 
the catalyst and a method for the production of ethylene oxide, and more particularly to a silver catalyst excelling in cat- 
alytic performance and allowing production of ethylene oxide with a high selectivity for a long time, a method for the pro- 
10 duction of ethylene oxide by the use of the silver catalyst, and a completely satisfying method for the manufacture of the 
silver catalyst. 

Description of the Related Art: 

15 [0002] The production of ethylene oxide by the catalytic gas phase oxidation of ethylene with molecular oxygen in the 
presence of a silver catalyst has been widely practiced on the commercial scale v As concerns the silver catalyst to be 
used for the catalytic gas phase oxidation, numerous inventions covering carriers for the catalyst, methods for deposi- 
tion of the catalyst on a carrier, reaction accelerators for the catalysis, etc. have been filed for patents. 
[0003] For example, the silver catalyst formed by depositing silver and at least one promoter selected from the group 

20 consisting of alkali metals and alkali metal compounds on a porous carrier of a specific shape (US-A-4,645,754, US-A- 
4,769,358, etc.) and the silver catalyst formed by depositing silver and cesium on an a-alumina carrier having the sur- 
face thereof coated with amorphous silica or amorphous silica-alumina (US-A-5,077,256, US-A-5,395,812, etc.) have 
been known. 

[0004] Notwithstanding these silver catalysts have the selectivity thereof already exalted to high levels, the fact that 
25 their selectivity are still desired to be further improved is logically explained by appreciating the scale of production of 
ethylene oxide which is so large that the increase of only 1% in the selectivity brings an extremely high economic effect 
of allowing a notable saving of the raw material ethylene. By the same token, the improvement of the silver catalyst in 
service life and in durability brings an enormous economic effect. 

[0005] In the circumstances, the development of a silver catalyst which is further improved in such catalytic qualities 
30 as activity, selectivity, and service life has been a constant theme to be pursued by researchers in the pertinent techno- 
logical field. 

[0006] An object of this invention, therefore, is to provide a silver catalyst which excels in catalytic performance and 
permits production of ethylene oxide with a high selectivity for a long time, a method for the production of ethylene oxide 
by the use of the silver catalyst, and a method for completely satisfactory manufacture of this silver catalyst. 

35 

SUMMARY OF THE INVENTION 

[0007] We have directed our particular notice to a carrier to be used in the manufacture of a silver catalyst and have 
continued a diligent study on the carrier and consequently discovered that when a popularly accepted carrier having a- 

40 alumina as a main component thereof is washed with water, the silver catalyst to be obtained by using the washed car- 
rier excels in catalytic performance. We have perfected the present invention on the basis of this knowledge. 
[0008] To be specific, the object mentioned above is accomplished by a silver catalyst formed by depositing silver on 
a carrier having a-alumina as a main component thereof and used for the production of ethylene oxide, the carrier of 
the silver catalyst having undergone the following treatment which yields a wash exhibiting a resistivity index of not less 

45 than 10,000 O • cm (25°C): 

(Method of treatment) 

In a conical beaker having an inner volume of 500 ml, 300 ml of the carrier is placed, dried therein at 120°C for 2 
hours, and boiled in conjunction with (water absorption + 220) ml of pure water added thereto under normal pres- 
so sure at 90°C for 30 minutes, providing that the term "water absorption" as used herein refers to what is expressed 
by the following formula (1): 

Water absorption - [300 (ml) x packing specific gravity (g/ml) x 
water absorption (wt. %)] / [Specific gravity of water (g/ml)] 

55 

[0009] The object mentioned above is further accomplished by a method for the manufacture of a catalyst formed by 
depositing silver on a carrier having a-alumina as a main component thereof and used for the production of ethylene 
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oxide, the carrier of the silver catalyst having been washed with cold water. 

[0010] The object is also accomplished by a method for the production of ethylene oxide, the production of ethylene 
oxide being attained by the gas phase oxidation of ethylene in the presence of the silver catalyst mentioned above. 
[0011] The catalyst of this invention for the production of ethylene oxide excels in activity, selectivity, and service life 
5 and permits ethylene oxide to be produced with a high selectivity for a long time. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0012] The catalyst of this invention for the production of ethylene oxide, as described above, is a silver catalyst 
10 formed by depositing silver on a carrier having a-alumina as a main component thereof and used for the production of 
ethylene oxide, and characterized by the fact that the carrier has undergone the following treatment which yields a wash 
exhibiting a resistivity index of not less than 10,000 n • cm (25°C), preferably not less than 15,000 fl • cm (25°): 

(Method of treatment) 

15 In a conical beaker having an inner volume of 500 ml, 300 ml of the carrier is placed, dried therein at 120°C for 2 
hours, and boiled in conjunction with (water absorption + 220) ml of pure water added thereto under normal pres- 
sure at 90°C for 30 minutes, providing that the term "water absorption" as used herein refers to what is expressed 
by the following formula (1): 

20 Water absorption = [300 (ml) x packing specific gravity (g/ml) x 

water absorption (wt. %)] + [Specific gravity of water (g/ml)] 

[0013] The term "packing specific gravity" (D) used in the formula (1) mentioned above means what is expressed by 
25 the formula, D = (g)/1000 ml, wherein W 1 is a weight of a dry carrier which fills a measuring cylinder, 1000 ml in 
inner volume, when the dry carrier is packed in the measuring cylinder at a rate of 2000 ml/minute. 
[0014] The term "water absorption" (M) means what is expressed by the formula, 

M ■ [{W 1 (g) - W 2 (g)}/W 2 (g)] x 100 , wherein W 2 is a weight of the dry carrier, 300 ml in volume, and W 3 is a water- 
holding weight of the carrier found by weighing the carrier prepared by placing a sample dry carrier, 300 ml in volume, 
30 in a basket made of stainless steel, boiling the sample for 30 minutes in boiling pure water, then removing the boiled 
carrier from the pure water, and wiping the wet carrier on a wet piece of gauze until the carrier is deprived of an excess 
water. 

[001 5] The carrier itself which is formed mainly of a-alumina and used in this invention is not particularly restricted so 
long as it fulfills the requirements mentioned above. A carrier formed mainly of a-alumina which is usable for the pro- 

35 duction of a silver catalyst intended to produce ethylene oxide by the gas phase oxidation of ethylene and which is gen- 
erally known as usable for this purpose (hereinafter referred to occasionally as "carrier") fits the use herein. Besides the 
a-alumina, this carrier permits inclusion therein of alumina oxide, particularly amorphous alumina, silica, silica alumina, 
mullite, and zeolite; alkali metal oxides and alkaline earth metal oxides such as potassium oxide cesium oxide; and tran- 
sition metal oxides such as iron oxide and titanium oxide. It may further incorporate therein such compounds as, for 

40 example, compounds of rhenium and molybdenum which has been generally known as available for the purpose of 
improving the silver catalyst in performance. 

[0016] The carrier does not need to impose any restriction on the shape, size, and physical properties thereof but 
permits suitable selection thereof. As concerns the physical properties, for example, it has a BET specific surface area 
in the range of 0.03 - 10 m 2 /g, preferably 0.1-5 m 2 /g, and more preferably 0.5 - 2 m 2 /g. The coefficient of water absorp- 
45. tion of the carrier is in the range of 10 - 70%, preferably 20 - 60%, and more preferably 30 - 50%. The average pore 
diameter is in the range of 0.1 - 5 jim, preferably 0.2 - 3 *im, and more preferably 0.3 - 0.9 jim. The porosity is in the 
range of 20 - 80 %, preferably 30 - 70 %. The particles of the carrier have a shape selected from among sphere, cylin- 
der, Raschig ring, and saddle ring. The average equivalent diameter of the particles is in the range of 0.1 - 30 mm, pref- 
erably 1-15 mm. 

so [0017] This invention is characterized by using a carrier such that the treatment performed thereon yields a wash 
exhibiting a resistivity index of not less than 10,000 n • cm (25°C). To be specific, the carrier to be used has a quality 
such that when a sample thereof, 300 ml in volume, is placed in a conical beaker of an inner volume of 500 ml, dried 
therein at 120°C for 2 hours, then boiled in conjunction with pure water added thereto in a volume of (water absorption 
+ 220) ml under normal pressure at 90°C for 30 minutes, the wash yielded consequently exhibits a resistivity index 

55 exceeding 1 0,000 Cl • cm (25°C), preferably falling in the range of 1 5,000 - 1 ,000,000 O • cm (25°C), and more prefera- 
bly in the range of 20,000 - 1 ,000,000 n • cm (25°C). 

[0018] The term "wash" as used herein means the water remaining after the washing mentioned above, generally the 
water which remains after the separation of the carrier. The term "resistivity index" means the reciprocal of the electric 
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conductivity of the wash measured at 25°C with a conductivity meter. In this invention, it is indicated as 10,000 Q • cm 
(25°C), for example, when the resistivity index is 10,000 O • cm. 

[0019] The carrier which exhibits a resistivity index exceeding 10,000 a* cm (25°C) after the treatment mentioned 
above can be manufactured completely satisfactorily by washing the carrier with water, preferably with pure water. 

5 [0020] One of the specific washing methods consists in repeating an operation of boiling the sample under a normal 
pressure at 90°C for 30 minutes till the resistivity index of the wash exceeds 10,000 n ■ cm (25°C), preferably falls in the 
range of 15,000 - 1 ,000,000 n • cm (25°C), particularly preferably in the range of 20,000 - 1 ,000,000 n • cm (25°C). The 
aforementioned operation which is performed just once suffices when the wash yielded thereby exhibits a resistivity 
index exceeding 10,000 Q* cm (25°C). When this operation is repeated a plurality of times, fresh cold water is used 

io each time the operation is repeated and the wash yielded in each of the repeated operations is measured for resistivity 
index. The amount of the water to be used is not particularly restricted. When the carrier in use has a volume of 300 ml, 
for example, the water is used in the amount of (water absorption + 220 ml) in the first round of operation and in the 
amount of 220 ml each in the second and following rounds of operation. 

[0021] The washing with water mentioned above may be preceded by the washing with an aqueous solution of an 
is inorganic acid such as, for example, nitric acid or an organic solvent such as, for example, alcohol. When this prelimi- 
nary washing is made with an aqueous nitric acid solution, for example, an operation of boiling under normal pressure 
at 90°C is preferred to be repeated. Though the subsequent washing with water is still indispensable in this case, the 
boiling in this washing does not need to be performed under normal pressure at 90°C. 

[0022] By washing the carrier with water as described above or by using the carrier which, in consequence of the 
20 aforementioned treatment, yields a wash exhibiting a resistivity index of not less than 10,000 n • cm (25°C), the silver 
catalyst to be obtained for use in the production of ethylene oxide is enabled to acquire a fully satisfactory catalytic per- 
formance. 

[0023] The silver catalyst of this invention for the production of ethylene oxide can be manufactured by following the 
known procedure while using the carrier described above instead. To be specific, this manufacture only requires sub- 
25 stances popularly used as a reaction accelerator and a reaction auxiliary to be deposited besides silver on the carrier 
in accordance with the standard procedure. As typical examples of the reaction accelerator, alkali metals, specifically 
potassium, rubidium, cesium, and mixtures thereof may be cited. Among other alkali metals mentioned above, cesium 
is used particularly suitably. 

[0024] Specifically, the catalyst for the production of ethylene oxide can be obtained, as disclosed in JP-A-62-1 1 4,654, 
30 by impregnating the carrier with an aqueous solution prepared in advance by dissolving a silver salt such as, for exam- 
ple, silver nitrate, silver carbonate, silver oxalate, silver acetate, silver propionate, silver lactate, silver citrate, or silver 
neodecanoate and a complex-forming agent as triethanol amine, ethylene diamine, or propylene diamine, drying the 
impregnated carrier, and then heat-treating the dried carrier in an oxidizing atmosphere such as air at a temperature in 
the range of 100° - 400°C, preferably in the range of 200° - 300°C, thereby causing deposition of the metallic silver in 
35 the form of minute particles on the inner and outer surfaces of the carrier. The reaction accelerator or other similar sub- 
stance, optionally prior to the impregnation of the carrier with the aforementioned solution, may be dissolved in the 
aqueous silver amine complex solution and the resultant solution may be used simultaneously in the impregnation or 
may be deposited on the carrier after the deposition of silver. 

[0025] The amounts of the silver, the reaction accelerator, and the reaction auxiliary to be deposited on the carrier do 
40 not need to impose any particular restriction but require only to suffice effective manufacture of ethylene oxide by the 
gas phase oxidation of ethylene. In the case of the silver, the amount thereof to be deposited is in the range of 1 - 30 % 
by weight, preferably 5 - 20 % by weight, based on the weight of the silver catalyst to be used for the production of eth- 
ylene oxide. In the case of the alkali metal, the amount thereof to be deposited is in the range of 0.01 - 100 ^mols/m 2 
preferably 0.1-5 junols/m 2 , based on the surface area of the silver catalyst to be used for the production of ethylene 
45 oxide. 

[0026] The manufacture of ethylene oxide by the gas phase oxidation of ethylene in the presence of the catalyst of 
this invention for use in the production of ethylene oxide does not impose any particular restriction but requires only to 
adopt specifically the aforementioned catalyst intended for the production of ethylene oxide. It can be fulfilled by follow- 
ing a procedure which is usable for reactions of this kind and is popularly known as used therefor. 

so [0027] The conditions generally prevailing in the production on the commercial scale, namely a reaction temperature 
in the range of 150° - 300°C, preferably 180° - 280°C, a reaction pressure in the range of 2 - 40 kg/cm 2 G, preferably 
10-30 kg/cm 2 G, and a space velocity in the range of 1 ,000 - 30,000 hr' 1 (SV), preferably 3,000 - 8,000 hr* 1 (SV) are 
adopted. The feed gas which is passed through the catalyst is preferred to have a composition containing 0.5 - 30 vol. 
% of ethylene, 5 - 30 vol. % of carbon dioxide gas, and the balance of an inert gas such as nitrogen, argon, or steam 

55 and lower hydrocarbons such as methane and ethane and further containing as a reaction inhibitor 0.1-10 ppm (by 
volume) of a halide such as ethylene dichloride or ethyl chloride. 

[0028] As typical examples of the molecular oxygen-containing gas to be used in this invention, air, oxygen, and 
enriched air may be cited. 
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[0029] The magnitudes of degree of conversion and selectivity mentioned in the following examples and control are 
the results of calculation according to the following formulas. 

Conversion (%) = [(Number of mols of ethylene consumed in 
5 the reaction) / (Number of mols of ethylene contained in the feed gas)] x 100 

Selectivity (%) = [(Number of mols of ethylene converted to 
ethylene oxide) / (Number of mols of ethylene consumed in the reaction)] x 100 

10 

[0030] Now, this invention will be described more specifically below by reference to working examples. The electric 
conductivity referred to therein was measured with a conductivity meter (made by Toa Dempa Kogyo K.K. and sold 
under the trademark designation of "Toa Conductivity Meter CM-1 1 P"). 

is Example 1 

[0031] Three liters of a carrier having a-alumina as a main component (having 4/16-inch rings packed in a ratio of 
0.70 g/ml and exhibiting a porosity of 57%, and a water absorption ratio of 38%) was washed by being boiled in three 
liters of distilled water at 90°C for 30 minutes. 

20 [0032] The carrier washed as described above was dried thoroughly at 1 20°C, then impregnated with a complex solu- 
tion consisting of 573 g of silver oxalate, 386 ml of monoethanol amine, 44 ml of water, and 5.3 g of cesium nitrate, sub- 
sequently concentrated by heating, further dried at 1 20°C for 1 hour, and heat-treated in a stream of air at 280°C for 48 
hours. Thereafter, the resultant composite was heat-treated in an atmosphere of nitrogen at 530°C for 3 hours to obtain 
a silver catalyst (A) for the production of ethylene oxide. 

25 [0033] A 300 ml portion of the carrier washed as described above 

[0034] was placed in a 500 ml conical beaker, dried therein at 1 20°C for two hours, and boiled in conjunction with 300 
ml [= (300 x 0.70 x 0.38) + 220] of pure water added thereto under normal pressure at 90°C for 30 minutes. The wash 
remaining after the separation of the carrier from the boiled mass was found by the measurement of electric conductiv- 
ity to have a resistivity index of 14,100 Cl- cm (25°C). 

30 

Example 2 

[0035] Three liters of the same carrier as used in Example 1 was washed by being boiled in conjunction with 3 liters 
of pure water added thereto at 90°C for 30 minutes. The washed carrier was separated from the enveloping water and 
35 subsequently washed by being boiled in conjunction with 2 liters of pure water added anew thereto at 90°C for 30 min- 
utes. 

[0036] Subsequently, a silver catalyst (B) for the production of ethylene oxide was obtained by following the procedure 
of Example 1 while using the carrier washed as described above instead. 

[0037] A 300 ml portion of the carrier washed as described above was placed in a 500 ml conical beaker, dried therein 
40 at 120°C for 2 hours, and boiled in conjunction with 300 ml of pure water added thereto under normal pressure at 90°C 
for 30 minutes. The wash remaining after the separation of the carrier from the boiled mass was found by the measure- 
ment of electric conductivity to have a resistivity index of 18,500 Cl • cm (25°C). 

Example 3 

45 

[0038] Three liters of the same carrier as used in Example 1 was washed by being boiled in conjunction with 3 liters 
of pure water added thereto at 90°C for 30 minutes. Then, an operation of separating the washed carrier from the envel- 
oping water and subsequently washing the carrier by being boiled in conjunction with 2 liters of pure water added anew 
thereto at 90°C for 30 minutes was performed up to 2 repetitions. 
so [0039] Subsequently, a silver catalyst (C) for the production of ethylene oxide was obtained by following the procedure 
of Example 1 while using the carrier washed as described above instead. 

[0040] A 300 ml portion of the carrier washed as described above was placed in a 500 ml conical beaker, dried therein 
at 120°C for 2 hours, and boiled in conjunction with 300 ml of pure water added thereto under normal pressure at 90°C 
for 30 minutes. The wash remaining after the separation of the carrier from the boiled mass was found by the measure- 
55 ment of electric conductivity to have a resistivity index of 21 ,9 00 n • cm (25°C). 
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Control 1 



[0041 ] Three hundred (300) ml of the same carrier as used in Example 1 was placed in a 500 ml conical beaker, dried 
therein at 120°C for 2 hours, and then boiled in conjunction with 300 ml of pure water added thereto under normal pres- 
5 sure at 90°C for 30 minutes. The wash remaining after the separation of the carrier from the washed mass was found 
by the measurement of electric conductivity to have a resistivity index of 8,800 O • cm (25°C). 
[0042] Subsequently, a silver catalyst (D) for the production of ethylene oxide was obtained by following the procedure 
of Example 1 while using the unwashed carrier described above instead. 



10 Example 4 



[0043] The catalysts (A) - (D) obtained in Examples 1 - 3 and Control 1 were independently pulverized and classified 
to obtain separate portions, 600 - 850 meshes in size, in a reaction tube of stainless steel measuring 3 mm in inside 
diameter and 600 mm in length, 1 .2 g samples of the portions were independently placed and subjected to catalytic gas 
15 phase oxidation of ethylene under the following conditions. The selectivity coefficient of the oxidation and the reaction 
temperature of the catalyst bed were measured when the degree of conversion of ethylene was 10%. The results are 
shown in Table 1. 



(Reaction conditions) 

20 

[0044] 



Temperature of heating medium: 230°C 
Spatial velocity (SV): 5500 hr 1 

25 Reaction pressure: 20 kg/cm 2 

Composition of feed ethylene gas: 21% of ethylene, 7.8% of oxygen, 5.7% of carbon dioxide, 2 ppm of ethylene 

dichloride, and balance of (methane), nitrogen, argon, and ethane) 



Table 1 





Catalyst 


Resistivity index (n • cm) 


Selectivity coefficient (%) 


Reaction temperature 
(°C) 


Example 1 


A 


14100 


81.0 


242 


Example 2 


B 


18500 


81.1 


240 


Example 3 


C 


21900 


81.2 


239 


Control 1 


D 


8800 


79.8 


256 



40 

Claims 

1 . A silver catalyst formed by depositing silver on a carrier having a-alumina as a main component thereof and used 
for the production of ethylene oxide, said carrier of said silver catalyst having undergone the following treatment 
45 which yields a wash exhibiting a resistivity index of not less than 10,000 n • cm (25°C): 



(Method of treatment) 

In a conical beaker having an inner volume of 500 ml, 300 ml of said carrier is placed, dried therein at 120°C 
for 2 hours, and boiled in conjunction with (water absorption + 220) ml of pure water added thereto under nor- 
so mal pressure at 90°C for 30 minutes, providing that the term "water absorption" as used herein refers to what 

is expressed by the following formula (1): 



Water absorption = [300 (ml) x packing specific gravity (g/ml) x 
water absorption (wt. %)] / [Specific gravity of water (g/ml)] 

55 

2. A catalyst according to claim 1 , wherein the amount of silver to be deposited is in the range of 1 - 30 wt. %. based 
on the amount of a completed catalyst. 
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3. A catalyst according to claim 2, wherein an alkali metal is deposited at a rate in the range of 0.01 - 100 nmol/m 2 , 
based on the surface area of said catalyst. 

4. A catalyst according to any of claims 1 - 3, wherein said carrier possesses a BET specific surface area in the range 
5 of 0.03 - 10 m 2 /g, a coefficient of water absorption in the range of 10 - 70%, and an average pore diameter in the 

range of 0.1 -5jim. 

5. A catalyst according to any of claims 1 - 4, wherein said resistivity index is not less than 1 5,000 Ci • cm (25°C). 

10 6. A method for the preparation of a silver catalyst formed by depositing silver on a carrier having a-alumina as a main 
component thereof and used for the production of ethylene oxide, said carrier having been washed with water. 

7. A method according to claim 6, wherein the following treatment performed on said carrier subsequently to said 
washing with water yields a wash exhibiting a resistivity index of not less than 1 0,000 n • cm (25°C) 

15 

(Method of treatment) 

In a conical beaker having an inner volume of 500 ml, 300 ml of said carrier is placed, dried therein at 120°C 
for two hours, and boiled in conjunction with (water absorption + 220) ml of pure water added thereto under 
normal pressure at 90°C for 30 minutes, providing that the term "water absorption" as used herein refers to 
20 what is expressed by the following formula (1): 

Water absorption ■ [300 (ml) x packing specific gravity (g/ml) x 
water absorption (wt. %)] [Specific gravity of water (g/ml)] * ' 

25 

8. A method according to claim 6 or claim 7, which comprises causing an aqueous solution of a silver salt and an 
amine type complex-forming agent to impregnate a carrier undergone a treatment with water which yields a wash 
exhibiting a resistivity index of not less than 10,000 £l*cm (25°C), drying the impregnated carrier, and thereafter 
heat-treating the dried carrier in an oxidizing atmosphere at a temperature in the range of 100 - 400°C thereby 

30 allowing the metallic silver to be deposited on the inner and outer surfaces of said carrier. 

9. ' A method according to any of claims 6 * 8, wherein a reaction accelerator is dissolved and deposited in an aqueous 
amine complex solution prior to the impregnation of said carrier with said aqueous solution. 

35 10. A method according to any of claims 6 - 8, wherein said reaction accelerator is deposited in said carrier subse- 
quently to the deposition of silver. 

1 1. A method according to any of claims 1-10. wherein the amount of silver to be deposited is in the range of 1 - 30 
wt. % based on the amount of a completed catalyst. 

40 

12. A method according to claim 1 1 , wherein an alkali metal is deposited on the surface of said catalyst at a rate in the 
range of 0.01 - 100 jimols/m 2 

13. A method according to any of claims 1-12, wherein said carrier possesses a BET specific surface area in the 
45 range of 0.03 - 1 0 m 2 /g, a water absorption in the range of 1 0 - 70%, and an average pore diameter in the range of 

0.1 -5 pm. 

14. A method for the production of ethylene oxide, which comprises subjecting ethylene to gas phase oxidation with a 
molecular oxygen-containing gas in the presence of a catalyst set forth in any of claims 1 - 5. 

so 



55 



7 



EP 0 937 498 A1 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 3072 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 



D 
A 



EP 0 764 464 A (MITSUBISHI CHEM CORP) 
26 March 1997 

* page 4, line 44 - line 52 * 

EP 0 229 465 A (NIPPON SHOKUBAI KAGAKU 
K0GY0 CO.) 22 July 1987 

* claim 6 * 

& JP 62 114654 A 

EP 0 211 521 A (I CI PLC) 25 February 1987 

* page 9, line 1 - line 8 * 

FR 2 368 298 A (SHELL INT RESEARCH) 
19 May 1978 

* page 2, line 1 - page 4, line 18 * 

FR 2 497 803 A (NIPPON SHOKUBAI KAGAKU 
K0GY0 CO.) 16 July 1982 

* page 4, line 2 - line 29 * 

PATENT ABSTRACTS OF JAPAN 
vol. 011, no. 297 (C-448), 
25 September 1987 

& JP 62 087246 A (NIPPON SHOKUBAI KAGAKU 
KOGYO CO LTD), 21 April 1987 

* abstract * 



B01J23/66 



TECHNICAL FIELDS 
SEARCHED (lntCI.6) 



B01J 



The present search report has been drawn up for all claims 



Place a 

BERLIN 



Dale ol completion of the search 

7 June 1999 



Examiner 

Clement, J-P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken atone 

Y : particularly relevant if combined with another 

document of the earne category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or prinople underlying the invention 
E : earlier patent document, but published on, or 

after the fifing date 
D : document orted in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 



8 



EP 0 937 498 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 3072 



This annex lists the patent family members relating to the patent doouments cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars whioh are merely given for the purpose of information. 

07-06-1999 



Patent document 




Publication 




Patent family 




Publication 


cited in search report 




date 




members) 




date 


EP 0764464 

LI \# / W T w W T 


A 


26-03-1997 


CA 


2186331 A 


26-03-1997 






JP 


9150058 A 


10-06-1997 






US 


5705661 A 


06-01-1998 


EP 0229465 


A 


22-07-1987 


JP 


2068041 


c 


10-07-1996 






JP 


5025547 


B 


13-04-1993 






JP 


62114653 


A 


26-05-1987 






JP 


2056806 


C 


23-05-1996 






JP 


5025548 


B 


13-04-1993 






JP 


62114654 


A 


26-05-1987 






AU 


586048 


B 


29-00-1989 






AU 


6490286 


A 


14-05-1987 






CA 


1277651 


A 


11-12-1990 






CN 


1007702 


B 


25-04-1990 






US 


4769358 


A 


06-09-1988 




A 


25-02-1987 


CA 


1269362 


A 


22-05-1990 






JP 


62042743 


A 


24-02-1987 






US 


4837194 


A 


06-06-1989 






AU 


594465 


B 


08-03-1990 






AU 


7348787 


A 


10-12-1987 






CA 


1300118 


A 


05-05-1992 






DE 


3775622 


A 


13-02-1992 






EP 


C\OA QC7Q 


A 


09-12-1987 






JP 


2563339 


B 


11-12-1996 






JP 


63001447 


A 


06-01-1988 






US 


4810689 


A 


07-03-1989 


FR 2368298 


A 


19-05-1978 


6B 


1575810 


A 


01-10-1980 






AU 


508498 


B 


20-03-1980 






AU 


2970277 


A 


26-04-1979 






BE 


859663 


A 


13-04-1978 






CA 


1102779 


A 


09-06-1981 






CS 


196394 


B 


31-03-1980 






cs 


196393 


B 


31-03-1980 






DE 


2746976 


A 


27-04-1978 






IN 


147547 


A 


29-03-1980 






IN 


147546 


A 


29-03-1980 






JP 


1271258 


C 


25-06-1985 






JP 


53051195 


A 


10-05-1978 






JP 


59048663 


B 


28-11-1984 






NL 


7711467 


A 


25-04-1978 






PT 


67173 


A.B 


01-11-1977 






SE 


434917 


B 


27-08-1984 






SE 


7711793 


A 


22-04-1978 






TR 


19661 


A 


01-09-1979 



, For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



9 



EP 0 937 498 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 3072 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

07-06-1999 



Patent document 
cited in search report 


Publication 
date 


Patent family 
members) 


Publication 
dale 


FR 2368298 


A 




US 


4125480 A 


14-11-1978 


FR 2497803 


A 


16-07-1982 


JP 


1384088 C 


09-06-1987 








Jp 


57107240 A 


03-07-1982 








JP 


61055416 B 


27-11-1986 








BE 


891602 A 


16-04-1982 








CA 


1165311 A 


10-04-1984 








DE 


3150205 A 


05-08-1982 








SE 


451182 B 


14-09-1987 








SE 


8107695 A 


27-06-1982 








US 


4389338 A 


21-06-1983 



: For more details about this annex : see Official Journal of the European Patent Offioe, No. 12/82 



10 



